to address lower-extremity pain. We also report on the consistent anatomical landmarks from our surgical experience that were used to safely decompress the SPN.
methods
Following institutional review board approval, patient data were reviewed in a retrospective fashion from all patients who underwent decompression of the SPN for lower-extremity pain between 2011 and 2014. All patients were treated by the senior author (S.E.M.). Patients were treated with decompression of either the SPN only or a combination of decompression of the SPN, common peroneal nerve at the fibular head, and deep peroneal nerve at the dorsum of the foot. Inclusion criteria included patients with nerve compression symptoms in the SPN distribution with or without motor dysfunction. Nerve compression symptoms included numbness, paresthesia, hyperesthesia, and burning-type pain. Patients were required to have at least 1 postoperative follow-up visit, and their records needed to contain a complete pre-and postoperative pain evaluation form. The preoperative evaluation was taken at the last preoperative visit, and the postoperative evaluation was taken at the patient's last follow-up visit. These evaluations were not standardized to a specific time point. Patients with lacerated SPNs resulting in neuroma or those with a tumor of the SPN were excluded.
Demographic information was obtained and included age, body mass index (BMI), duration of pain, history of diabetes, smoking status, concomitant symptoms including other areas of nerve compression and polyneuropathy, and average follow-up time. Patients filled out our standard pain evaluation forms both pre-and postoperatively. Patients rated their baseline pain and the effect of pain on their quality of life (QOL) on the visual analog scale (VAS). These scores ranged from 0 to 10 and were then converted to percentages. Patients also marked their area of pain on a body diagram. To determine our most useful outcome measure for patients with complicated nerve pain, we looked to the study by Ebersole et al. 6 When examining responsiveness on the Disabilities of the Arm, Shoulder, and Hand (DASH) Questionnaire as an outcome measure following ulnar nerve transposition, the authors found that VAS was highly responsive and the "impact of pain on quality of life" scale was the most responsive. 6 Given this, we chose to evaluate pain in relation to its effect on QOL when analyzing SPN decompression.
clinical evaluation
Patients were evaluated for sensation in the SPN distribution using the ten test. The ten test has been clinically evaluated and shown to have good interobserver reliability for sensory evaluation. 17 For this test, patients rank sensation from 1 to 10, with 10 being equivalent to normal sensation. Sensation in the deep peroneal nerve distribution on the dorsum of the foot was also tested. Motor function was evaluated using the Medical Research Council scale. Nerve compression was evaluated with the Tinel test and the scratch-collapse test. The scratch-collapse test has been shown to be a useful tool for identifying areas of nerve compression and can be used to identify multiple areas of compression in patients with complicated nerve pain.
2,3,7
Electrical study results were also considered, although positive findings were not a prerequisite for surgery.
statistical analysis
A multivariate linear regression analysis was performed to assess the impact of the preoperative effect of pain on QOL, age, BMI, and the preoperative duration of pain on the postoperative effect of pain on QOL. Other potential covariates were excluded to keep the number of covariates in the model in line with the sample size. The patient's postoperative assessments of pain were similarly evaluated using multivariate linear regression with preoperative pain, age, BMI, and preoperative duration of pain as the independent variables.
For all tests, p values < 0.05 were considered significant. Statistical analyses were performed using SPSS statistical software (version 22, IBM).
anatomical data
Intraoperative measurements were gathered from the charts of 13 patients. The distance from the lateral malleolus to the fibular head was measured. The location of the SPN in relation to the most anterior aspect of the tibia and the lateral malleolus was recorded. Specific branching patterns of the SPN were noted.
results
Fifty-four patients underwent SPN release with or without common peroneal nerve release and deep peroneal nerve release. Five patients had SPN release only, 8 patients had SPN and deep peroneal nerve release, and the remaining patients underwent SPN and common peroneal release with or without a deep peroneal nerve release. Eleven patients had the ipsilateral common peroneal nerve released in a previous operation. Demographic information is summarized in Table 1 . The mean age ± standard deviation was 46.4 ± 16 years. There were 30 women and 24 men. The average BMI was 28.3 ± 6. The average follow-up time was 4.3 months (range 1-24 months). Seven patients had diabetes, and 3 of those patients had evidence of peripheral neuropathy. Overall, 31 patients reported concomitant symptoms, including peripheral neuropathy, chronic back pain, and nerve compression symptoms at other sites. Active smoking was noted in 18 patients. Eleven patients developed symptoms after hip or knee surgery. Eight patients reported pain after foot or ankle surgery. Thirteen patients noted pain in the SPN distribution after trauma such as an ankle injury or a fall. Two patients had pain after saphenous vein harvest. The remaining patients had idiopathic pain.
The average baseline and pre-and postoperative VAS pain scores were 68% and 46%, respectively. The average pre-and postoperative effects of pain on QOL were 78% and 53%, respectively. The average duration of symptoms was 26.5 months (range 1-132 months) before decompression of the SPN was performed. Only 3 cases involved workers' compensation. A positive Tinel or scratch-collapse test was found at the fibular head in 41 patients, over some portion of the SPN in 49 patients, and over the deep peroneal nerve on the dorsal foot in 22 patients. Forty-three patients underwent electrical studies. Six patients were noted to have pathology of the SPN on electrical studies. Seven patients had studies that were read as normal. Twenty-four patients had electrical evidence of pathology of the common peroneal nerve around the fibular head. Only 1 patient was noted to have polyneuropathy with no areas of compression noted. Other findings included radiculopathy and sciatic compression.
BMI had a statistically significant negative effect on the postoperative effect of pain on QOL (p = 0.027). There were no other significant effects of the covariates on the effect of pain on QOL or postoperative pain. Diabetes had no significant effect and was left out of the final analysis to keep the number of variables analyzed in line with the sample size. The details of the analyses are shown in Table  2 . The effects of pain on QOL and VAS pain score were strongly correlated preoperatively (R 2 = 0.31; p < 0.001) and postoperatively (R 2 = 0.46; p < 0.001). The scatterplot displaying the decrease in pain compared with the initial level of pain ( Fig. 1 ) suggests a nonlinear relationship between the variables. There was a significant difference in the mean improvement in pain for those patients with a preoperative pain score ≤ 60 on the VAS and those patients with a preoperative pain score > 60. The mean decrease in pain among the patients with a preoperative pain score ≤ 60 was 2 ± 15. The mean decrease in pain among the patients with a preoperative pain score > 60 was 36 ± 17. A minority of patients (7 of 16) with a preoperative VAS pain score ≤ 60 reported less pain after surgery, while a large majority of patients (30 of 36) with a preoperative VAS pain score > 60 reported improvement.
anatomical data
The SPN was found to be 5 ± 1.1, 5 ± 1.1, and 6 ± 1.2 cm lateral to the tibia at 10, 15, and 20 cm proximal to the lateral malleolus, respectively (Fig. 2) . The nerve exited the anterior intermuscular septum at 10 ± 3 cm proximal to the lateral malleolus. Two patients were found to have a separate posterior branch that was decompressed in the lateral compartment. One patient had a deep muscular course to the SPN.
discussion
When we evaluate patients in our clinic for peroneal nerve compression that leads to motor and sensory disturbances, we are careful to assess the SPN and deep peroneal nerve at the lateral leg and dorsal foot, respectively. The standard pain evaluation form filled out by the patient often gives us information regarding the patient's symptoms that can direct our examination. Not only do patients fill out the VAS for pain and the effect of pain on QOL, they also mark a body diagram highlighting their area(s) of pain. They are also provided with a list of key words that help them describe their pain, such as "burning," "throbbing," "aching," "electric," and "stabbing." They are encouraged to circle as many words as needed to best describe their pain. This helps with communication in the clinic.
The examination maneuvers used include assessing for the Tinel sign over the nerve in question and the scratchcollapse test. The scratch-collapse test can be helpful for determining areas of nerve compression in complicated patients with multiple areas of pain. 2, 3, 7 The ten test is also helpful for determining areas of hypesthesia that point to pathology in the SPN distribution.
The indications for release of a particular nerve include motor weakness, a positive Tinel or scratch-collapse test, sensory disturbances found with the ten test, and evidence of nerve pathology on electrical studies, although electrical studies can be normal in the setting of painful nerve compression. In our series, 80% of patients had electrical studies and a majority of patients were found to have pathology of the common peroneal nerve at the fibular head, while only 14% of patients who had electrical studies were found to have pathology of the SPN. The more important indicator of entrapment or pathology of the SPN was the Tinel or scratch-collapse test, as 91% of patients had positive provocative findings over the SPN. The use of MRI, ultrasound, or other imaging modalities is not standard in our practice. In those patients who had SPN release without common peroneal nerve release, there were negative provocative maneuvers at the fibular head region, no motor weakness, and the electrical studies did not show any motor disturbance.
In our series, 78% of patients underwent a combined procedure, which includes SPN release with or without deep peroneal nerve release along with release of the common peroneal nerve. The fact that most of our patients with pain in the SPN distribution had multiple points of compression along the peroneal nerve may be explained by the "double crush" hypothesis put forth by Upton and McComas in 1973. Essentially, an area of proximal compression can cause downstream areas to be more susceptible to compression. 19 We alluded to this issue in our 2007 study on common peroneal nerve decompression, though at that time we did not specifically evaluate patients with SPN pain.
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Our algorithm for treating lower-extremity nerve pain can lead to a stepwise approach. Eleven patients who had the ipsilateral common peroneal nerve released went on to have the SPN released in a later operation. In these cases, while the pathology of the common peroneal nerve was clear, evidence of compression of the SPN was not obvious enough to justify the risks of performing another incision on the lower extremity. If the release of the common peroneal nerve did not relieve all downstream symptoms, then appropriate patients were indicated for release of the SPN with or without release of the deep peroneal nerve.
The majority of the patients in our cohort underwent orthopedic surgery or had trauma that was temporally related to the onset of pain in the SPN distribution. The suspected cause of nerve pathology after hip and knee surgery is traction, although, in the case of foot and ankle surgery or a crush to the lower leg, edema and scarring may also play a role in compression. As a tertiary referral center for patients with peripheral nerve trauma and pain, we may have a skewed sample in regard to patients with postsurgical or posttraumatic lower-extremity nerve pain. Patients with diabetic polyneuropathy were underrepresented in this study, but the metabolic derangements related to diabetes certainly could have been a component of the nerve pathology seen.
Diabetes was present in 7 (13%) patients, and 3 of those patients had clinical or electrical studies that confirmed peripheral polyneuropathy. All 3 of the patients with signs of diabetic polyneuropathy had clinical evidence of compression or underwent electrical studies that specifically demonstrated pathology of the SPN. Although our patient population did not include patients with diabetic polyneuropathy as the sole indication for surgery, considering diabetic polyneuropathy as a source of peripheral nerve pain is important.
As diabetic polyneuropathy is the most common complication of diabetes and may affect more than 50% of patients with diabetes, this specific indication for decompression surgery can change surgical planning and patient counseling. 12 Dellon synthesized the basic science, anatomical studies, and clinical outcomes research, concluding that the peripheral nerves in patients with diabetes are susceptible to chronic compression. 4 Clinical outcome studies revealed that peripheral nerve decompression for painful diabetic neuropathy reduces ulceration and the amputation rate, decreases hospital admissions, and decreases pain in the lower extremity. 4 In a randomized control trial, Macaré van Maurik et al. found that decompression of the common, superficial, and deep peroneal nerves, along with the tibial nerve at the ankle, significantly improved VAS pain scores at 1-year follow-up. 12 Ducic et al. reviewed the literature on nerve decompression and presented an algorithm for surgical treatment as an adjunct to maximized medical therapy. They concluded that it is the role of the peripheral nerve surgeon to intervene in the appropriate patients in order to help halt the progression of painful peripheral neuropathy. 5 Knobloch et al. showed promising results of lower-extremity nerve decompression for diabetic polyneuropathy in a small series of patients. They released the common peroneal nerve, deep peroneal nerve, and tarsal tunnel, but did not specifically address the SPN. 10 The message seems to be that decompression of lower-extremity nerves is helpful for treating painful diabetic neuropathy. 4, 5, 10, 12, 14, 16 Overall, 69% of patients showed some improvement in the effect of pain on QOL. These results are in line with the results of Styf and Morberg, who reported an 80% success rate in their group of 17 patients. 18 The majority of patients who showed improvement in the effect of pain on QOL had a preoperative VAS pain score > 60, while only 7 of 16 (44%) patients with a VAS pain score ≤ 60 showed improvements. We derived this cutoff value by looking at the graphed data and noting the point where more patients seemed to show improvement (Fig. 1) . The groups of patients with VAS pain score above and below 60 were then compared statistically. The implication is that those patients with greater pain are more likely to reap benefits from a pain-relieving procedure. This confirmation of intuition will help guide our surgical planning in the future. Still, an initial VAS pain score ≤ 60 may not serve as a definite contraindication to surgery. As pain is ultimately subjective, the VAS pain score was not the only factor that dictated the treatment plan. We also evaluated factors such as the effect of pain on activities of daily living and the effect of pain on depression, though these factors were not specifically evaluated in this study. And while it is intuitive that patients with less pain will have less improvement after decompression, this information needs to be clearly explained to the patient so they can be a part of the decision-making process.
The limitations of this study include those inherent to a retrospective analysis. Also, there was no control group. We do not have a comparison between patients who underwent SPN release only, common peroneal only, and combined release. We do not know how much improvement patients would have seen without treatment or with a sham surgery due to the placebo effect. The noted improvement in pain could be related to regression to the mean or accommodation to pain, which would have manifested as a decrease in the effect of pain on QOL. Another issue is that we only looked at one preoperative questionnaire and the last postoperative questionnaire, precluding tests of reliability and consistency in reporting. Our average follow-up period of 4.3 months is limited and may bias results, and there was a great deal of variation in the total follow-up time. As surgery on the lower extremity can be complicated by wound-healing issues, in future prospective studies it will be important to report on the morbidity of the additional incisions needed for SPN and deep peroneal nerve release. In addition to these issues, the current study suffers from a small sample size. Thus, the statistical analyses are constrained as well as being susceptible to normal population variations.
conclusions
Despite the limitations of the study, we can draw helpful conclusions from Fig. 1 . Patients with a pain VAS score ≤ 60 did not reap the same benefits from decompression of the SPN compared with those with a VAS score > 60. A higher BMI also negatively affected improvements in QOL. This information is useful when counseling patients on the risks and benefits of the surgery. Additionally, 11 (20%) patients had pain in the SPN distribution after hip and knee surgery. These patients also had pathology of the common peroneal nerve. When evaluating patients with motor dysfunction and pain after hip and knee surgery, we are careful to assess the SPN for signs of compression. To note, our intraoperative measurements show that the SPN can be reliably found and decompressed based on its location in relation to the tibia and lateral malleolus. Since 2 of the 13 patients measured had separate branches in the posterior compartment and 1 patient had a nerve with a deep muscular course, care must be taken to identify the SPN in its entirety, thereby exposing anomalous branching patterns.
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